To determine the role of protein phosphoryl ation in transcription regulation, we have treated mouse neuroblastoma N18TG2 cells with the protein kinase inhibitor H-7 and tested its effect on transcription. After the preculture and transfection in the presence of H-7, the cell preparation was divided in half and cultured with and without H-7. The level of CAT expression of pSV2-CAT was found to be higher in the cells cultured in the absence of H-7 than in those cultured in the presence of H-7. This difference was observed only after pretreatment of the cells with H-7, suggesting that withdrawal of H-7 from the culture medium after preculture with H-7 gave an enhancing effect on CAT expression. This phenomenon was also observed with transformants that expressed the CAT gene of pSV2-CAT stably. The 72 base-pair (bp) repeat of SV40 DNA was responsible for this difference in CAT expression. A similar effect of H-7 on the SV40 enhancer activity was observed in mouse neuroblastoma x rat glioma hybrid NG108-15 cells, but not in rat glioma C6-BU-1 cells.
INTRODUCTION
From recent studies of eukaryotic genes, the interaction between enhancer elements and trans-acting factors is thought to' be important in regulation of transcription (1-4). For understanding how signals' received on the cytoplasmic membrane are transmitted to the level of transcription, it is also important to know the role of modification of trans-acting factors in transcription regulation. The cAMP-responsive element has been identified with the genes whose transcription efficiency can be controlled by dibutyryl-cAMP administration (5) (6) (7) . In addition, the tumour promoter, 12-0-tetradecanoyl phorbol-13-acetate (TPA), which specifically activates protein kinase C (8) , affects the enhancer activity of SV40 DNA, probably through phosphorylation of trans-acting factors (9) (10) (11) (12) .
To obtain more information on the role of protein phosphorylation in regulation of transcription, we examined the effect of inhibition of intracellular protein kinase activities on transcriptional enhancer activity. Protein kinase inhibitor H-7 (1-[5-isoquinolinesulfonyl]-2-methylpiperazine dihydrochloride) is known to inhibit the activities of cAMP, cGMP-dependent protein kinases and protein kinase C to almost the same extents (13) . In addition, H-7 has been shown to be incorporated into cells (13) and to decrease the level of phosphorylation of the myosin light chain (14) . Recently, we found that treatment of mouse neuroblastoma N18TG2 cells with H-7 greatly stimulated neurite outgrowth (our unpublished data),
suggesting that H-7 could affect intracellular mechanisms by changing the level of protein kinase activities. Therefore, in this work we treated the cells with H-7 and then transfected them with plasmid DNAs harboring various viral enhancers linked to the chloramphenicol acetyltransferase (CAT) gene to determine the effects of enhancer activities. Results showed that the enhancer activity of SV40 DNA was greatly influenced by the treatment of the cells with H-7.
MATERIALS AND METHODS
Plasmids and Reagents-The construction of pSV2-CAT and pAlO-CAT was described by Laimins et aj. (15) . pMLV-CAT (16) was a gift from K. Oda. plasmid DNA was carried out by the calcium-phosphate co-precipitation method as described by Gorman (17) . Sometimes the cells were submitted to glycerol shock after transfection (17) . After transfection for about 16 hrs, the cells were harvested by trypsinization, distributed evenly between two culture dishes, and incubated in the presence and absence of H-7 (200 or 400y*M) for another 24 hrs. After incubation, the cells from each culture dish were collected, cytoplasmic extracts were prepared and their CAT activities were measured by the method described by Gorman (17) . Equal transfection, we distributed the cells evenly between two culture dishes, and cultured them further in the presence or absence of H-7. This step of dividing the cell cultures in half after transfection was included to avoid the experimental variability resulting from differences in transfection efficiency in different culture dishes, which sometimes occurs in transfection experiments. By introducing this step we can compare the CAT activities of two samples at a same transfection efficiency.
When the preculture and transfection were carried out in the presence of H-7 ( . w w w cell culture in half was omitted (lanes 5 and 6), it was not due to the effect of trypsinization.
To know the effect of other stimuli that are capable of inducing the morphological change of N18TG2 cells (our unpublished data), we tested the effect of dibutyryl (dB)-cAMP or HA-1004 (N-[2-guanidinoethyl]-5-isoquinolinesulfonamide hydrochloride), the latter of which has a structure analogous to that of H-7 but has less inhibitory effect than H-7 on protein kinase C (18), on the stable expression of pSV2-CAT in the transformed cells. Compared to the difference in CAT expression between the cells cultured in the presence and absence of H-7 after the H-7 pretreatment (lanes 5 and 6), such a difference in CAT expression was not detected with the cells treated with dB-cAMP (lanes 7 and 8) or HA-1004 (lanes 9 and 10). Transfection experiments with the cells treated with dB-cAMP or HA-1004 also revealed no alteration of the SV40 enhancer activities (data not shown). These results indicate that the alteration of the SV40 enhancer activities could not be merely due to the morphological change of N18TG2 cells. inhibitor of cAMP-and cGMP-dependent protein kinases as well as protein kinase C, the effect of H-7 on the SV40 enhancer might also be due to an effect on the protein kinase C pathway. In support of this possibility, HA1004, which has less inhibitory effect than H-7 on protein kinase C (18), did not affect CAT expression of pSV2-CAT (Figure 3) . The withdrawal of H-7 from the culture medium after the H-7 pretreatment might lead an Increase of the level of protein kinase C activity, and, hence, give the same stimulatory effect on the SV40 enhancer activity as TPA does. At present, however, 1t is not certain whether the effect of H-7 on the SV40 enhancer activity could be caused by a direct modulation of trans-acting factors. We are now trying to understand the effect of H-7 at a substantial level using not only the authentic methods, such as the gel-sh1ft and the foot-pr1nt1ng assay, but also the methods to detect directly some alterations of protein phosphorylation of transcriptional machineries. Analyses of such phosphorylated proteins could give us an insight to understand the mechanisms transmitting the signals from cytoplasmic membrane to nuclear. As described in this report, protein kinase Inhibitor H-7 as well as TPA seems to offer a good tool to Investigate the role of protein phosphorylation 1n transcription regulation of specific genes.
